Introduction {#sec0005}
============

Red blood cell (RBC) transfusion is an essential resource in the treatment of onco-hematological diseases, hemoglobinopathies and chronic renal failure (CRF). As a consequence of multiple transfusions, RBC alloimmunization is a common complication among these patients.[@bib0115], [@bib0120] The antigenic difference between donor and recipient, the patient\'s immune status and the immunogenicity of the RBC antigen are some of the factors that influence the formation of alloantibodies.[@bib0125]

More than 300 RBC antigens have already been discovered and organized in 36 systems, in particular ABO, Rh, Kell, Duffy, Kidd and MNS.[@bib0130] This high number of antigens increases the risk of RBC alloimmunization, making it difficult to obtain compatible RBCs, which can result in hemolytic transfusion reactions of variable severity including fatal in some cases.[@bib0120]

Patients with hemoglobinopathies present frequencies of RBC alloimmunization of between 4% and 50%.[@bib0135], [@bib0140] In individuals with onco-hematological diseases the percentage varies from 9% to 13%[@bib0145] and in patients with CRF it is from 6.1% to 13.1%.[@bib0150]

RBC autoimmunization may occur in association with alloimmunization. Autoantibodies have been identified after transfusions even without alloantibodies.[@bib0155] However, there are cases, such as in autoimmune hemolytic anemia (AIHA), that RBC autoimmunization can occur without any history of transfusions. Among the possible causes of this are the depression/modification of the immune system by viruses and drugs, alteration in the T cell balance and cross-reactions of antibodies induced by infectious agents with RBC surface antigens.[@bib0160] The presence of RBC autoantibodies may interfere in pre-transfusion blood compatibility tests between donor and recipient (cross-matching).[@bib0165]

Therefore, the aims of this study were to determine the percentages of RBC alloimmunization and autoimmunization in multi-transfused patients, as well as the types of alloantibodies and their systems, clinical and epidemiological aspects and frequency of RBC autoantibodies in alloimmunized and non-alloimmunized individuals.

Methods {#sec0010}
=======

This retrospective study evaluated 153 patients treated in the Hemocentro Regional de Uberaba (HRU)/Fundação Hemominas or Hospital de Clínicas da Universidade Federal do Triângulo Mineiro from 2006 to 2014, who had been transfused with at least three RBC bags on different occasions. Sixty-eight (44.44%) had onco-hematological diseases (acute leukemia, multiple myeloma, myelodysplastic syndrome), 64 (41.83%) had hemoglobinopathies (sickle cell anemia and thalassemia) and 21 (13.73%) had CRF.

Data were collected from patient files at the HRU focused on the production of alloantibodies (types and systems) and autoantibodies. The epidemiological and clinical profiles of alloimmunized and autoimmunized patients were characterized according to gender, age group, diagnosis and number of transfusions before the identification of antibodies.

The results were stored in the Microsoft Excel program and organized into tables and graphs. The analysis was descriptive with proportions being compared by the chi-square test with the level of significance set at 5%.

The study was approved by the Research Ethics Committee of the Fundação Hemominas (\#42047915.0.0000.5118).

Results {#sec0015}
=======

Of the 153 patients: 17 (11.11%) presented only alloimmunization, seven (4.57%) had RBC alloantibodies and autoantibodies and three (1.96%) had only autoantibodies ([Figure 1](#fig0005){ref-type="fig"}).Figure 1Percentages of alloimmunized, autoimmunized, alloimmunized and autoimmunized, and non-immunized individuals against red blood cell antigens in 153 multi-transfused patients.

Thirty-two alloantibodies were identified in 24 patients with six developing more than one. The most frequent were anti-E (Rh system) and anti-K (Kell system) (21.87% each), followed by anti-C (12.50%) and non-specific antibodies (9.37%). Rh was the system most involved (53.11%) ([Table 1](#tbl0005){ref-type="table"}).Table 1Systems and types of red blood cell alloantibodies.Table 1Rh*n*%1753.11 Anti-E721.87 Anti-C412.50 Anti-c26.25 Anti-D26.25 Anti-Cw13.12 Anti-e13.12  Kell -- Anti-K721.87Non-specific39.37  Lewis26.25 Anti-Le^a^13.12 Anti-Le^b^13.12  MNS26.25 Anti-M13.12 Anti-S13.12  Lutheran -- Anti-Lu^a^13.12Total32[\*](#tblfn0005){ref-type="table-fn"}100[^1]

Although not significant, the occurrence of alloimmunization was higher in men (17.56%), over 50-year olds (19.44%) and in those who received six to ten transfusions (24.32%). In relation to diseases, alloimmunization was more prevalent in CRF (23.80%), followed by individuals with hemoglobinopathies (17.18%) and onco-hematological diseases (11.76% -- [Table 2](#tbl0010){ref-type="table"}).Table 2Clinical and epidemiological profiles of alloimmunized and non-alloimmunized multi-transfused patients.Table 2Alloimmunized (*n* = 24)Non-alloimmunized (*n* = 129)*p*-value*Gender -- n (%)* Female11 (13.92)68 (86.08)0.6915 Male13 (17.56)61 (82.44)  *Age group -- n (%)* \<3014 (15.91)74 (84.09)0.6025 30--503 (10.34)26 (89.66) \>507 (19.44)29 (80.56)  *Diagnosis -- n (%)* Hemoglobinopathies11 (17.18)53 (82.82)0.3777 Onco-hematological diseases8 (11.76)60 (88.24) Chronic renal failure5 (23.80)16 (76.20)  *Transfusions -- n (%)* \<64 (10.52)34 (89.48)0.2231 6--109 (24.32)28 (75.68) \>1011 (14.10)67 (85.90)

RBC autoantibodies were found in ten (6.53%) of the 153 individuals; in alloimmunized patients the occurrence was 29.16%, while in the non-alloimmunized group only 2.32% (*p* = 0.0001 -- [Table 3](#tbl0015){ref-type="table"}).Table 3Frequencies of red blood cell autoantibodies in alloimmunized and non-alloimmunized patients.Table 3Total (*n* = 153)Alloimmunized (*n* = 24)Non-alloimmunized (*n* = 129)*p*-valueAutoantibodies *n* -- (%)10 (6.53)7 (29.16)3 (2.32)0.0001

RBC autoantibodies were more common in women (10.12%), over 50-year olds (11.11%) and in those who received six to ten transfusions (16.21%; *p* = 0.0203). In relation to diseases, autoantibodies were more common in CRF (19.04%), followed by individuals with hemoglobinopathies (6.25%) and onco-hematological diseases (2.94%; *p* = 0.0329 -- [Table 4](#tbl0020){ref-type="table"}).Table 4Clinical and epidemiological profiles of autoimmunized and non-autoimmunized multi-transfused patients.Table 4Autoimmunized (*n* = 10)Non-autoimmunized (*n* = 143)*p*-value*Gender -- n (%)* Female8 (10.12)71 (89.88)0.1262 Male2 (2.70)72 (97.30)  *Age group -- n (%)* \<304 (4.54)84 (95.48)0.4044 30--502 (6.89)27 (93.11) \>504 (11.11)32 (88.89)  *Diagnosis -- n (%)* Hemoglobinopathies4 (6.25)60 (93.75)0.0329 Onco-hematological diseases2 (2.94)66 (97.06) Chronic renal failure4 (19.04)17 (80.96)  *Transfusions -- n (%)* \<62 (5.26)36 (94.74)0.0203 6--106 (16.21)31 (83.79) \>102 (2.56)76 (97.44)

Discussion {#sec0020}
==========

Of the 153 multi-transfused patients, 24 (15.69%) presented RBC alloantibodies; a higher frequency compared to a study by Alves et al.[@bib0170] who found, in the same service as this study, a rate of 10.49% in 143 patients in acute conditions, however the need was heterogeneous regarding the diagnosis and they mostly had simultaneous transfusions.

The most common antibodies were against the Rh (53.11%) and Kell (21.87%) systems similar to the literature which reports antibodies against the Rh system in 9.52--53.40% of cases and against the Kell system in 18.20--33.33%.[@bib0140], [@bib0150], [@bib0175], [@bib0180] This may be explained by the fact that these systems are the most immunogenic.[@bib0185]

The rate of alloimmunization was similar between genders. We must remember, however that women with chronic diseases generally have a lower parity index and, consequently, fetal-maternal alloimmunization than in the general population, which might explain this result. Thompson et al.[@bib0140] reported similar results (17.5% in women and 15.8% in men) when they evaluated 697 multi-transfused patients with thalassemia. Martins et al.[@bib0190] reported that 72.83% of all alloimmunized individuals are women; however, individuals in acute conditions were also evaluated.

Regarding the diagnosis, this study found that the alloimmunization rate was lower in onco-hematological diseases albeit without significance; this result is in agreement with the generally lower sensitization in these individuals due to the immunosuppression caused by the disease and its chemotherapy and radiotherapy treatments.[@bib0145] Similar data are found in the literature, with the percentage of alloimmunization varying from 9 to 13%[@bib0145]; in hemoglobinopathies, the frequencies range from 18% to 47%.[@bib0135]

Considering the number of transfusions, although not significant, there was a higher rate of alloimmunization in those who received six to ten transfusions (24.32%), which corroborates the findings of Martins et al.[@bib0190] that most alloantibodies are produced early (by the 10th transfusion). Even so, other studies have shown that sensitization was higher in patients who received more than ten transfusions[@bib0170], [@bib0195], [@bib0200], [@bib0205]; it is believed that there is an individual predisposition, possibly of an inherited nature, which is present in the first exposures to foreign antigens.[@bib0210] In addition, Higgins and Sloan[@bib0215] demonstrated that alloimmunization is poorly correlated with the number of transfusions, with strong evidence of a subgroup of patients who present an increased risk of developing alloantibodies.

The percentage of RBC autoantibodies, in relation to diseases, was significantly higher in CRF however, the low number of these patients should be considered. The rates in individuals with onco-hematological diseases and hemoglobinopathies are in agreement with the literature; Sanz et al.[@bib0180] showed a lower rate in the first diagnosis, while Thompson et al.[@bib0140] found a higher frequency in the second. We must reiterate that these findings are probably associated with immunosuppression and/or treatments inherent to onco-hematological diseases.[@bib0145]

Regarding the number of transfusions and RBC autoimmunization, this was significantly higher in those who received six to ten transfusions. We believe that, as in alloimmunization, these individuals are more likely to develop autoantibodies. However, Thompson et al.,[@bib0140] on evaluating 697 patients with thalassemia using a different methodology, did not find any significant increase in RBC autoantibodies in terms of the duration of hemotherapy until the fifth decade.

This study found that the frequency of RBC autoantibodies was significantly higher in alloimmunized compared to non-alloimmunized patients, which is in agreement with Ahrens et al.[@bib0220] These findings reinforce the evidence that individuals who have already developed alloantibodies produce more RBC autoantibodies.[@bib0165] Ahrens et al. suggest the hypothesis that this sensitization results from an overactive immune response, stimulated by epitopes of the antigen causing the response (intramolecular) associated to other antigens (intermolecular). Such molecules, in large quantities, would contribute to the pathogenesis of chronic autoimmune diseases mediated by antibodies and T cells.[@bib0220]

As highlighted, the presence of RBC autoantibodies may interfere with pre-transfusion blood compatibility tests between donor and recipient (cross-matching),[@bib0165] requiring an exhaustive search of compatible RBCs and delaying the start of the transfusion.

Conclusion {#sec0025}
==========

In summary, this study reports high levels of alloimmunization and autoimmunization in multi-transfused patients. Further studies on the clinical and epidemiological profiles of these individuals are necessary for a better understanding of the etiopathogenesis and physiopathogenesis of RBC alloimmunization and autoimmunization, especially the latter, due to the scarcity of reports in the literature.
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[^1]: Total alloantibodies in 24 alloimmunized patients; six had more than one antibody.
